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0 Improved occluder for repair of cardiac and vascular defects. 



© A device (10) for the percutaneous transluminal 
repair of septal defects Is disclosed. The device 
comprises first and second expandable occluders 
(12,14) fastened to each other, each occluder in- 
cluding a framework having a central hub (16) with 
elongated struts (18) radiating therefrom. The struts 



are constructed such that they have a resistance to 
fatigue that exceeds the maximum fatigue stresses 
to which the struts will be subjected over a pro- 
longed period in vivo. As such, the device exhibits a 
significantly decreased likelihood of metal fatigue 
failures after prolonged exposure in vivo. 
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Field of the Invention 

The present Invention relates to devices for the 
repair of Intracardiac and vascular septal defects 
by percutaneous catheter placennent of a corrective 
prosthetic device. 

Background of the Invention 

Either congenitally or by acquisition, abnormal 
openings or holes can occur between adjacent 
channbers of the heart or its associated major blood 
vessels. Such openings are referred to, respec- 
tively, as Interatrial and Interventricular septal de - 
fects or patent ductus arteriosus and aortico - pul - 
monary windows. Such openings cause blood to 
leak from one chamber or artery to another and 
result in decreased pumping efficiency of the heart. 
Similarly. If defects occur in the Foramen Ovale, 
such defects, referred to as Patent Foramen Ovale 
(PFO), may result in a cerebral embolism. These 
deformities usually are congenital, however, they 
can also occur following a heart attack, significantly 
complicating subsequent coronary treatment and 
recovery. Such defects typically impose added 
strain on the heart and ultimately may lead to heart 
failure if not corrected. 

Traditionally, such defects have required ex- 
tensive open chest surgical techniques for correc - 
tlon. Specifically, the repair of such defects re- 
quired an open heart procedure in which the heart 
was exposed and then opened and the defect was 
sewn shut by direct suturing. In connection there- 
with, a patch of a synthetic prosthetic material such 
as Dacron, Teflon, silk, nylon or pericardium was 
used to repair the defect. 

Although other methods of occluding defects, 
most notably the use of a plastic plug to occlude 
the defect, were suggested as early as the 1950s, 
such methods similarly require the use of open 
heart surgery to access the defect and place the 
prosthetic Implant. . 

Beginning in the early 1970s, a number of 
devices and methods were proposed for the per- 
cutaneous transluminal catheterization procedure 
for the repair of intracardiac defects. For example. 
U.S. Patent No. 3,874,388 to King, et al., describes 
a device in which a pair of umbrella - like occluders 
are positioned on opposite sides of a defect and 
drawn and locked together at a central hub which 
crosses the defect. The device is said to effectively 
occlude the defect. Although the King device and 
method proposed to eliminate the need to perform 
open heart surgery, its use and structure were very 
complicated in that generally they required the 
umbrella -like occluders to be opened manually 
once positioned at the defect. 



Similarly, U.S. Patent No. 4,007.743 to Blake 
relates to an umbrella -like defect closure device 
having a plurality of elongated struts pivotally 
mounted to a central hub. Each pair of adjacent 

5 struts is interconnected by a strip formed of a 
foldable, resilient material which serves to auto- 
matically and resiliency open each umbrella - like 
element once such element is released from a 
protective sheath. As in the King patent, the device 

70 includes two separate occluders which are locked 
together by a snap connection once each of the 
occluder segments has been individually positioned 
across the septal defect. 

Still another defect closure device is described 

75 in U.S. Patent No. 4,917,089 to Sideris. The Sideris 
patent relates to an apparatus and method for 
transvenous closure of a septal perforation in the 
heart. The closure apparatus comprises an oc- 
cluder which is positioned on the distal side of the 

20 perforation and an occluder - holder which is posi - 
tioned on the proximal side of the perforation and 
is connected to the occluder across the perforation 
by means of a so-called "button** closure. As in 
the eariier transluminally delivered occluders, the 

25 Sideris patent requires that device elements posi - 
tioned on opposite sides of a septal defect are 
separately delivered to the site of the defect and 
connected to one another in situ. 

In a U.S. Patent Application (Serial No. 

30 ), filed concurrently herewith and 

entitied "Occluder and Method for Repair of Car- 
diac and Vascular Defects" attempts to overcome 
problems associated with the aforementioned de- 
vices are described. The application describes a 

35 device having separate occlusion elements that are 
connected in a manner, such that they may be 
oriented In aligned or nonaligned relationships 
across the defect. Such a device is particulariy 
useful in the repair of tunnel -like defects or de- 

40 fects having a non- uniform wall thickness. The 
application also describes a device having occlu- 
sion elements that are fluoroscopically distin- 
guishable from one another, thereby enhancing the 
ability of a physician to visualize the device 

45 fluoroscopically during a percutaneous, trans- 
luminal placement procedure. 

The devices of the application described above 
typically comprise a series of elongated struts at- 
tached at a central point and having too flexural 

50 pivot points thereon. For example, in one embodi - 
ment. each elongated strut includes a first coil 
located on the strut at a position adjacent to a 
central portion of the device, (referred to as a 
"shoulder" hinge), and a second coil located on the 

55 strut at a position remote from the shoulder, 
(referred to as an "elbow" hinge). Despite the 
numerous advantages associated with the oc- 
cluders descrit)ed in the application above, on oc - 
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casion such devices may fail as a result of stress 
or fatigue after a limited time in vivo. In particular, 
failures have occurred on the strut arm at the 
elbow hinge or at a region immediately adjacent 
thereto. Although such failures have resulted in no 
clinical problems, (since the occluder rapidly be- 
comes encapsulated in tissue prior to the incidence 
of failure), it would be desirable to eliminate even 
the possibility of such failures as a means of 
eliminating a potential source of complications. 

Accordingly, a need exists for a device for the 
occlusion of cardiac and vascular defects that can 
withstand the full range of stresses applied to the 
device over a prolonged period of time in an in vivo 
environment. In connection therewith, a need exists 
for a vascular occluder configured in a manner 
such that flexural stresses are minimized and dis - 
tributed throughout the device in order to provide 
an occlusion device that will not undergo stress 
failures In vivo. 

Summary And Objects Of The Invention 

The present invention relates to an intracardiac 
shunt defect occlusion device characterized by 
having an enhanced resistance to failures caused 
by stress or fatigue. In particular, the invention 
relates to an intracardiac occlusion device that has 
been modified to reduce and/or more evenly dis - 
tribute stresses that may arise in the device during 
movement of the heart. The resulting device has a 
structure having a resistance to fatigue exceeding 
the maximum fatigue stresses to which the device 
may be subjected during use. 

Additionally, by selecting certain metallic alloy 
compositions for use in the device, the ability of 
the device to resist corrosion over an extended 
time in vivo can be enhanced. This resistance to 
corrosion is believed to further enhance the device 
in its ability to resist failure over prolonged use. 

Numerous modifications can be used to 
achieve the desired results, and combinations of 
two or more of such modifications can be used as 
well. Among the modifications useful for reducing 
stresses are the following: 

a) substitution of wire having a square, rectan - 
gular. trapezoidal or triangular cross section for 
cylindrical wires that are currently used in oc- 
cluder devices, 

b) increasing the diameter of shoulder and el - 
bow coils which constitute the flexural hinge 
points about which portions of the device may 
bend. 

c) substituting an alloy comprising nickel, cobalt, 
chromium and molybdenum for the stainless 
steel alloys currently used to form the device, 

d) adding an additional flexural hinge point (wrist 
coil) at a location distal to the elbow hinge point, 



and 

e) adding additional turns to coils constituting 
the flexural hinge points. 
Additionally, when using the alloys described 
5 above the ultimate strength of the device can be 
further enhanced by annealing the framework of 
the device at a temperature of between atjout 
450-l000*F for several minutes. Such a process 
results in a precipitation hardening of the alloy, 
10 increasing both Its strength and stiffness. 

Thus, it is one object of the present invention 
to provide a septal defect occlusion device that has 
increased resistance to stress failures and fatigue 
over a prolonged period of time. 
75 It is another abject of the present invention to 
provide an occlusion device which reduces 
stresses that may occur therein. 

It is a further object of the invention to provide 
a defect occlusion device which more evenly dis- 
20 tributes stresses that may be contained therein. 

It is yet another object of the present invention 
to provide a defect occlusion device having an 
inherent resistance to fatigue that exceeds the 
maximum fatigue stresses to which the device may 
25 be subjected over a prolonged period of time. 

It is still a further object of the present inven - 
tion to provide a defect occlusion device that can 
resist corrosion over a prolonged in vivo exposure. 
Other objects and features of the present in - 
30 vention will become apparent from the following 
detailed description when taken in connection with 
the accompanying drawings which disclose mul- 
tiple embodiments of the Invention. It is to be 
understood that the drawings are designed for the 
35 purpose of illustration only, and are not intended as 
a definition of the limits of the invention. 

Brief Description Of The Drawings 

40 FIG. 1 is a schematic illustration of one type of 
occluder device known to the prior art. 

FIG. 2 Is a schematic depiction of the cause of 
the stresses to which an occluder device can be 
subjected in vivo. 

45 FIG. 3 is a schematic illustration of one em- 
bodiment of an occluder of the present invention. 

Detailed Description Of The Invention 

50 Fig. 1 depicts an occlusion device of a type 
known in the prior art. As shown in Fig. 1, the 
device 10 comprises a first occluder 12 connected 
to a second occluder 14 in a face -to -face rela- 
tionship. The occluders 12, 14 are connected to 

55 each other by means of a central hub or wire 16 
which defines a central axis through each or the 
occluders 12, 14. It is noted that as used herein, 
the term "central axis" is not meant to imply that 
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the wire or hub is necessarily positioned at the 
geometric center, if any, of its respective occluder. 
Rather, the term is intended to describe a refer- 
ence line oriented in a perpendicular relationship to 
the plane of each occluder, the line passing 
through any given reference point on the occluder. 

Each occluder comprises generally a frame- 
work formed by a plurality of elongated struts 18 
which radiate from the central hub 16 of the oc- 
cluder. The framework can be collapsed and then 
automatically opened by resilient means which are 
provided in each of the elongated struts. Specifi - 
cally, each strut includes at least one flexural hinge 
point or shoulder 20 about which the elongated 
strut 18 may flex. Such shoulders are positioned 
adjacent to the central hub of each occluder. 

In a collapsed configuration, the elongated 
struts 18 are pivotatly flexed about the shoulders 
20 to cause the struts to be oriented in a position 
that is generally parallel to the central axis of the 
occluder defined by the hub or the wire 16. The 
struts are maintained in this position against resil - 
lent forces by enclosing the device within a tubular 
sheath at the distal end of a delivery catheter which 
maintains the device in a collapsed configuration. 
Upon withdrawal of the sheath during the place- 
ment procedure, resilient forces stored within the 
elongated struts at the shoulders 20 cause the 
device to spring open by pivoting the struts about 
the hinge points defined by the shoulders. The 
struts 18 open to an orientation generally per- 
pendicular to the central axis of the occluder. 

The struts 18 include a second flexural hinge 
point or elbow 22 to provide a point on each strut 
about which the strut arm itself can fold, thereby 
allowing the length of the strut in its folded con - 
figuration to be shortened. In addition, the elbows 
serve as a location at which the struts may be 
preferentially bent in order to absorb stresses that 
may develop during movement of the septal wall in 
which the device is positioned as a result of the 
heart's natural rhythm. 

Each strut preferably also includes a loop 24 at 
its distal end to conceal sharp areas that might 
otherwise damage tissue during insertion and 
placement of the device. 

Attached to the strut frameworks are patches 
26. 28 which, when the device is deployed, cover 
and occlude the shunt defect. Although numerous 
biocompatible materials can be used as the patch 
material, a material such as Dacron is typically 
used. Among the necessary characteristics of the 
patch material are biocompatibility and resistance 
to fluid transfer across the material. The material 
must be such that these properties can be main - 
tained for extended periods in vivo. Additionally, 
the patch material must be flexible to allow the 
occluder device to be folded and compressed 



within a sheath prior to and during delivery to a 
predetermined location within a patient. An aperture 
30 Is formed within each of the patches 26, 28 and 
allows an interconnecting structure to connect the 

5 occluder elements to each other. The patches 26, 
28 can be held to the strut framework by a plurality 
of stitches formed from sutures which encircle the 
struts and pass through the patch material. 

Typically, occlusion devices of the above de- 

10 sign employ 304V stainless steel wire having a 
circular cross - section and a diameter of approxi- 
mately 0.010 inches to form the elongated struts or 
spring arms. In addition, each of the struts typically 
includes a shoulder 18 and an elbow 22, each of 

75 which comprise a coil having three turns. The in - 
side diameter of the coils forming the shoulder 
hinge points is typically of the order of approxi - 
mately 0.016 inches, and the inside diameter of the 
coils forming the elbow hinge points is typically of 

20 the order of approximately 0.012 inches. 

An occluder of the type depicted in FIG. 1 is 
shown schematically as deployed across a septal 
defect in FIG. 2. It is noted that, as depicted in FIG. 
2, when positioned in vivo, the occluders often 

25 have at least one strut that becomes displaced 
toward the center of the device as a result of 
contraction of the heart chamber. Specifically, a 
septum 40 having a defect comprising an aperture 
defined by walls 42 has an occlusion device 10 

30 positioned therein. During pumping of the heart, 
portions 44 of the septum deflect as well (shown in 
phantom 44*) causing the strut 18 in contact with 
the septal portion 44 to deflect (shown in phantom 
Iff). 

35 The deflection is believed to cause stresses 
that become manifested as metal fatigue in the 
elbows 22. thereby resulting in a stressed condition 
in such elbows 22*. Over repeated cycles of 
bending and releasing, as occurs by the natural 

40 pumping action of the heart, the metal that forms 
the elbow becomes fatigued and causes failures to 
develop In the device. These failures occur typi - 
cally at the elbow 22 or on the strut arm 18 at a 
location immediately adjacent to the elbow. 

45 One embodiment of an occlusion device having 

a reduced likllhood of metal fatigue failure at the 
elbow is depicted in Rg. 3. Such a device 50 
comprises a pair of occluder elements 52, 54 
connected to one another in a face -to -face re- 

50 lationship. The occluders 52, 54 are connected to 
each other by means of a central hub or wire 56 
which defines a central axis through each of the 
occluders 52. 54. As in the device depicted in Rg. 
1 , the term "central axis" is intended only to de - 

55 scribe a reference line oriented in a perpendicular 
relationship to the point of each occluder and 
passing through a given reference point on the 
occluder. 
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Each occluder includes a plurality of elongated 
struts 58 which radiate from the central hub and 
provide a framework for the occluder. As in the 
device described previously, the framework Is 
adapted to be collapsed and then automatically 
opened by resilient means which are provided in 
each of the elongated struts 58. Specifically, each 
strut includes at least one flexural hinge point or 
shoulder 60 about which the elongated strut 58 
may flex. In a collapsed configuration, the elon- 
gated struts 58 are pivotally flexed about the 
shoulders 60 to cause the struts to be oriented in a 
position that is generally parallel to the central axis 
of the occluder as defined by the hub or wire 56. 
The struts can be maintained in this position 
against resilient forces by enclosing the device with 
a tubular sheath located at the distal end of a 
delivery catheter which serves to maintain the de- 
vice in a collapsed configuration. Upon withdrawal 
of the sheath during the placement procedure, re - 
silient forces stored within the elongated struts at 
shoulders 60 cause the device to spring open 
resiliency by pivoting the struts about the shoulder. 
The struts 58 open to an orientation that is gen - 
erally perpendicular to the central axis defined by 
the hub 56 of the occluder. 

A second flexural hinge point or elbow 62 is 
provided on the strut 58 to further enhance opera - 
tion of the occlusion device. As noted previously, 
the elbow provides a point about which the strut 
arm itself can fold, thereby allowing the length of 
the strut in its folded configuration to be shortened. 
Additionally, the elbows serve to absorb stresses 
which can be present within the framework of the 
device as a result of the natural motion of the 
heart. 

Each strut preferably also includes a loop 64 at 
its outer end to conceal sharp areas that might 
otherwise cause damage to tissue during insertion 
and placement of the device. 

As in the device shown in FIG. 1, attached to 
the strut frameworks are patches 70, 72 which, 
when the device is deployed, cover and occlude 
the septal defect. Numerous biocompatible ma- 
terials including Teflon, silk, nylon and pericardium 
can be used as the patch material, however, a 
material such as Dacron is preferred. Among the 
necessary characteristics of the patch material are 
biocompatibility and resistance to fluid transfer 
across the material. The material must be such that 
these properties can be maintained for extended 
periods in vivo. Additionally, the patch material 
must be flexible to allow the occluder device to be 
folded and compressed within a sheath prior to and 
during delivery to a predetermined location within a 
patient. 

An aperture 74 is formed within each of the 
patches 70. 72 and allows an interconnecting 



structure to connect the occluder elements to each 
other. The patches 70, 72 can be held to the strut 
framework by a plurality of stitches formed from 
sutures which encircle the struts and pass through 

5 the patch material. 

In a preferred embodiment, the stitches attach 
to the patches to the framework at least at regions 
at which the shoulder and elbow hinge points 60, 
62 and loops 64 contact the patch material. Alter- 

10 natively, the sutures can be tied off at each loop 
and spiraled through the patch material and toward 
the central hub 56 terminating with knots tied to the 
hinge points. A ribbing 76 formed by a series of 
coarsely placed stitches is preferably formed along 

75 the peripheral edges of the patch material. The 
ribbing provides an area of increased patch ma- 
terial thickness and serves to provide a degree of 
stiffness and support to the outer edge of the patch 
material. 

20 In the illustrative embodiment depicted in Rg. 

3. each of the occluders 52, 54 is square. It is 
noted that the shape of the occluder elements is 
not intended to be limited as such. Rather, oc- 
cluders having rectangular, circular or other ge- 

25 ometries are contemplated as well and are in- 
tended to be encompassed within the scope of the 
invention. 

Unlike the device depicted in Rg. 1 , the device 
of Rg. 3 can include a third flexural hinge point or 

30 wrist 66 positioned on each strut 58 between the 
elbow 62 and the loop 64. The purpose of the wrist 
66 is to reduce fatigue in the struts by absorbing 
and distributing stresses which can arise in the 
struts during natural movement of the heart. By 

35 providing an additional flexural point or coil in the 
form of a wrist 66 on each strut, the framework is 
provided with a means for distributing stresses 
more evenly, thereby reducing fatigue and signifi - 
cantly decreasing the possibility that failures can 

40 occur within the material forming the struts. 

As noted previously, the present invention 
contemplates numerous ways by which stress and 
fatigue can be reduced in the occluder framework 
to effectively provide the device with infinite fatigue 

45 resistance. Thus, the device is expected to have a 
resistance to fatigue or stress failures which is 
greater than the maximum cumulative fatigue or 
stress to which the device will be subjected over 
the lifetime of the patient. 

50 The specific modifications to the device for 
providing infinite fatigue and conrosion resistance 
include dimensional changes to the wire used to 
form the framework, changes to the diameter of the 
coils which comprise the shoulder and elbow of the 

55 framework, substitution of the metallic alloys used 
to fonm the framework structure, the addition of a 
third flexural hinge point (wrist) to the framework, 
variations in the number of turns in the flexural 
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points, and any combination of the above Im- 
provements. Eacli of tliese is discussed separately 
below. 

As discussed above, in the prior art the wire 
used to form the framework of the occluder ele- 
ments was typically a wire having a circular cross 
section and a diameter of approximately 0.01 
inches. In connection with the present invention, 
however, it has been found that if a wire having a 
square, rectangular, trapezoidal or triangular cross 
section of approximately 0.005-0.015 inches on 
edge, is substituted for the round wires of the prior 
art devices, stresses within the device can be re- 
duced. For example, In the case in which a square 
wire having a cross section of approximately 0.008 
inches is used to form the occluder framework, 
stresses within the device can be reduced by ap- 
proximately 29%. If a wire having a rectangular 
cross section is used, a wire of approximately 
0.007 inches by approximately 0.009 inches is 
preferred. 

It should be noted, however, that it Is not 
absolutely necessary that non- circular wire be 
used to form the device. Rather, wire having a 
circular cross section is contemplated as well. It is 
preferred that such a round wire have a diameter of 
approximately 0.009 inches. 

The devices of the prior art have flexurai hinge 
points, (the shoulder and elbow), which typically 
have been formed by wrapping the wire comprising 
the struts about mandrels. Typically, the mandrel 
used to form the shoulder coils has a diameter of 
approximately 0.016 inches, while the mandrel 
used to form the elbow colls has a diameter of 
approximately 0.012 inches. In connection with the 
invention, it has been found that if a mandrel hav- 
ing a diameter of approximately 0.010-0.025 
inches is used to form both the shoulder and the 
elbow coils which form the flexurai hinge points, 
stresses in the device can be reduced. In particu - 
lar. If a mandrel having a diameter of approximately 
0.016 inches is used to form the flexurai hinge 
points, stresses in the occluder framework can be 
reduced by approximately 22%. 

The material that has been used to form the 
framework for the occluders of the prior art was 
typically 304V stainless steel. In connection with 
the present invention, a metallic alloy such as 
MP35N available from Maryland Specialty Wire, 
Inc. (Cockeysville. Maryland 21030) or a metallic 
alloy such as Elgiloy available from Elgiloy Com - 
pany (Elgin, Illinois 60123) has been substituted. 
The substitution of these particular alloys for the 
304V wire of the prior art has been found to pro- 
vide the occluder with an increased stress capa - 
bility of approximately 14%. In addition, the sub- 
stitution of the above metallic alloys for the 304V 
stainless steel of the prior art has been found to 



provide enhanced resistance to conroslon to the 
occcluders of the present invention. The reduction 
or elimination of corrosion is believed to further 
decrease the possibility of device failure during 

s prolonged exposure to an in vivo environment. 

MP35N is a metallic alloy composition com- 
prising approximately 35% nickel, 35% cobalt, 
20% chromium, and approximately 9.75% molyb - 
denum. The alloy Is multiphase alloy that is face - 

10 centered - cubic (fee) in the annealed condition and 
has a microstructure similar to that of austenitic 
stainless steel. When the alloy is cold -worked, 
such as when it is drawn to form a wire, the 
microstructure changes so that a portion of the fee 

75 phase transforms to a hexagonal close -packed 
phase. This phase transformation results in an in - 
crease in the strength of the wire. A suitable de- 
gree of phase transformation is believed to occur 
for wires that have been cold -worked by drawing 

20 to result in a 30-80% reduction in cross -sec- 
tional area. 

Additional strengthening of the wire can be 
obtained when a cold -worked structure, such as a 
drawn wire formed into an occluder framework, is 

25 subjected to an aging treatment at an elevated 
temperature. In connection therewith, heating the 
alloy for several minutes at a temperature in the 
range of approximately 450*- 1000 *F causes a 
precipitation hardening of the alloy which increases 

30 both its strength and its stiffness. 

Similarly, Elgiloy is a metallic alloy composition 
comprising 39-41% cobalt, 19-21% chromium, 
14-16% nickel, 6-8% molybdenum, 1.5-2.5% 
manganese, 0-0.15% carbon, 0-0.1% beryllium 

35 and the balance comprising iron. Like MP35N, El- 
giloy is preferred for use in the present invention 
due to its strength, stiffness, and resistance to 
structural failure under the conditions at which the 
occluder device is expected to be used. 

40 Still another change is the addition of an extra 
spring coil (the wrist coil 66) as shown in Fig. 3. 
The use of a wrist coil 66 has been found to 
reduce stresses in the device by approximately 
50% as a result of complimentary load sharing 

45 between the wrist, elbow and shoulder flexurai 
points. It Is preferred that the wrist coil have two 
turns and be formed on a mandrel having a diam - 
eter of approximately 0.010-0.025 inches. In this 
range, a diameter of approximately 0.016 inches is 

60 most prefenred. 

Finally, in some circumstances, it has been 
found desirable to vary the number of turns of the 
coils comprising the flexurai points. For example, 
when each of the flexurai hinge points comprises a 

55 coil having three turns, stresses in the wire frame - 
work have been found to decrease by approxi- 
mately 50%. 
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As pointed out previously, the present invention 
is not necessarily intended to be limited to an 
occlusion device liaving only one of the features 
described above. Rather, the invention relates 
broadly to a device for percutaneous transluminal 
repair of septal defects in which the device com - 
prises two occluders, each of which includes a 
plurality of struts having a resistance to fatigue that 
exceeds the maximum fatigue to which such struts 
may be subjected in vivo. Such a result can be 
achieved using the previously described improve - 
ments either alone or in various combinations with 
one another. 

For example, in one preferred embodiment, the 
occlusion device includes two occluders each of 
which are fonmed of MP35N alloy in the form of 

0. 008 inch square wire. The wire is used to form an 
occluder framework having four struts, each of said 
struts including flexural hinge points defining a 
shoulder, an elbow and a wrist as well as a loop on 
the distal end of each strut. It is preferred that the 
shoulder and wrist hinge points be formed of coils 
each having two turns of wire and the elbow hinge 
point be formed of a coil having three turns of wire. 
The inside diameter of at least the wrist and 
shoulder coils are preferably about 0.016 inches. 
The inside diameter of the elbow coil may also be 
about 0.016 inches or, in the alternative, it can have 
a slightly smaller diameter of approximately 0.012 
inches. As noted previously, once formed, the 
framework can be heated to a temperature of be - 
tween approximately 450' -1000'F for a period of 
time sufficient to cause precipitation hardening of 
the alloy forming the framework, thereby enhancing 
the strength and stiffness of the occluder. 

Equivalents 

Although the specific features of the invention 
are shown in some drawings and not in others, this 
is for convenience only, as each feature may be 
combined with any or all of the other features in 
accordance with the invention. 

It should t>e understood, however, that the for- 
going description of the invention is intended 
merely to be illustrative thereof, that the illustrative 
embodiments are presented by way of example 
only and that other modifications, embodiments, 
and equivalents may be apparent to those skilled in 
the art without departing from its spirit. Having thus 
described the invention, what we desire to claim 
and secure by Letters Patent is: 

Claims 

1. A device for percutaneous transluminal repair 
of septal defects comprising 

a first occluder having an initial cross 



sectional configuration smaller than that of the 
defect to be repaired and a second expanced 
configuration larger than that of the defect; 

a second occluder having an initial cross 
5 sectional configuration and a second expanded 

configuration larger than that of the defect; and 

a connector for fastening the first occluder 
to the second occluder; 

at least one of said first occluder or said 
10 second occluder including a framework com - 
prising a central hub having a plurality of 
elongated struts radiating therefrom; 

wherein at least one of said struts com - 
prises means for resisting fatigue, said means 
75 having a resistance to fatigue exceeding the 
maximum fatigue to which the strut may be 
subjected in vivo. 

2. The device of claim 1 wherein said at least one 
20 elongated strut comprises a wire having a 

square, round, rectangular, trapezoidal or tri- 
angular cross section. 

3. The device of claim 2 wherein said cross 
25 section is approximately 0.005 - 0.015 inches. 

4. The device of claim 2 wherein said at least one 
elongated strut comprises a wire having a 
square cross section of approximately 0.008 

30 inches. 

5. The device of claim 2 wherein said at least one 
elongated strut comprises a wire having a cir- 
cular cross section of approximately 0.009 

35 Inches in diameter. 

6. The device of claim 2 wherein said at least one 
elongated strut comprises a wire having a 
rectangular cross section of approximately 

40 0.007 inches by approximately 0.009 inches. 

7. The device of claim 1 wherein said at least one 
elongated strut includes a plurality of flexural 
points. 

45 

8. The device of claim 7 wherein said at least one 
elongated strut Includes three flexural hinge 
points. 

50 9- The device of claim 7 wherein said flexural 
hinge points comprise coiled portions of the 
elongated strut. 

10. The device of claim 9 wherein said coiled 
55 portions have an inner diameter of approxi- 

mately 0.010 - 0.025 inches. 
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11. The device of claim 9 wherein said colled 
portions have an inner diameter of approxi- 
mately 0.016 inches. 

12. The device of claim 9 wherein said coiled 
portions include at least two coils. 

13. The device of claim 9 wherein said coiled 
portions include at least three coils. 

14. The device of claim 1 wherein said at least one 
elongated strut comprises a wire fabricated of 
a metallic alloy containing nickel, cobalt, 
chromium and molybdenum. 

15. The device of claim 14 wherein said alloy 
comprises approximately 35% nickel. 35% 
cobalt, 20% chromium and 9.75% molyb- 
denum. 

16. The device of claim 14 wherein said alloy 
further comprises manganese, carbon, beryl- 
lium and iron. 

17. The device of claim 15 wherein said alloy 
comprises at least approximately 14% nickel. 
39% cobalt, 19% chromium. 6% molybdenum 
and 1.5% manganese. 

18. The device of claim 16 wherein said alloy 
further comprises up to approximately 0.15% 
carbon and 0.1% beryllium. 

19. The device of claim 16 wherein said alloy 
further comprises Iron. 

20. The device of claim 14 wherein said alloy is 
annealed to a degree sufficient to cause pre- 
cipitation hardening thereof. 

21. The device of claim 14 wherein said wire has 
been cold -worked to reduce Its cross -sec- 
tional area by approximately 30 - 80%. 

22. The device of claim 20 wherein said annealing 
is carried out at a temperature between ap- 
proximately 450 - 1000* F. 

23. A device for percutaneous transluminal repair 
of septal defects comprising: 

a first occluder having an initial cross 
sectional configuration smaller than that of the 
defect to be repaired and a second expanded 
configuration larger than that of the defect; 

a second occluder having an initial cross 
sectional configuration and d second expanded 
configuration larger than that of the defect; and 

a connector for fastening the first occluder 



to the second occluder; 

each of the first occluder and second oc - 
cluder comprising a framework having a cen - 
tral hub with a plurality of elongated struts 
5 radiating therefrom; 

the framework fabricated of a wire having 
a square, rectangular, round, trapezoidal or 
triangular cross section and having a metallic 
alloy composition comprising nickel, cobalt, 
70 chromium and molybdenum; 

each of said elongated struts further in- 
cluding three flexural hinge points. 

24. The device of claim 23 wherein the metallic 
IS alloy composition is annealed to a degree 

sufficient to cause precipitation hardening 
thereof. 

25. The device of claim 23 wherein the metallic 
20 alloy composition comprises an alloy selected 

from the group consisting of MP35N and El- 
glloy. 

2a The device of claim 23 wherein the flexural 
25 hinge points comprise coiled portions of the 
elongated strut. 

27. A device for percutaneous transluminal repair 
of septal defects comprising at least one oc- 

30 cluder adapted to be positioned across the 
septal defect to substantially occlude the de - 
feet and prevent fluid flow therethrough, the 
occluder including a framework which com- 
prises a metallic alloy containing nickel, cobalt, 

35 chromium and molybdenum. 

2& The device of claim 27 wherein said alloy 
comprises approximately 35% nickel, 35% 
cobalt. 20% chromium and 9.75% molyb- 
40 denum. 

29. The device of claim 28 wherein said alloy 
comprises MP35N alloy. 

45 30. The device of claim 27 wherein said alloy 
further comprises manganese, carbon, beryl- 
lium and Iron. 

31. The device of claim 30 wherein said alloy 
60 comprises at least approximately 14% nickel. 

39% cobalt, 19% chromium, 6% molybdenum 
and 1 .5% manganese. 

32. The device of claim 31 wherein said alloy 
55 further comprises up to approximately 0.15% 

carbon and 0.1% beryllium. 



8 



15 



EP 0 541 063 A2 



33b The device of claim 31 wherein said alloy 
further comprises iron. 

34. The device of claim 31 wherein said alloy 
comprises Elgiloy alloy. 5 
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